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ABSTRACT

The study of saturated prepolynrrs as propellant binder ingredients

was centered predominantly on partially (50-60%) saturated prepolymers, The

partially saturated propellants showed a threefold improvement of properties

at -750F. Tha type of crnsslinker, cTI, GTRO, or LHT-240, did not affect. the

properties in a major fashion. The study of the IHT-240 which improved the

Slow temperature properties of pArtially saturated propellants made on an ELMD

program is continuing. because more emphasis was being placed pn partially

"saturated prepolymers, the oxidative surface hardening of binders made with

saturated, partially saturated) and unsaturated prepolymern was investigatid.

The saturat.ed binders showed no surface hardening after eight weeks at 800.".

Initially, the partially saturated binder hardened more rapidly than the Wi-

saturated one, but the difference decreased with time. After eight weeks the

unsaturated binder was hardening more rapidly. Propellant stability was

greatly improved by a copper (II) additive and the feasibility of isooyanat(

cured propellants for very high temperature Use was demonstrated.

The use of blocked isooyanates as cure agents for propellants with

advanced oxidizers was studied in model systems. Carbamates which dissociate

at 60PC to produce isocyanate were tested in the presence of oxidizers. Tin

catalysts help and oxidizers inhibit the cure reaction. Carbamates with dis-

sooiation temperatures of 300 to 4OeO are desirable,

I.

*
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THE DEVELOPMENT AND EVALUATION OF A HYDROCARBON BINDE
FOR HIGH ENERGY SOLID FROPEELLANTS

I. INTROD OCTION

SThis is the eighth Quarterly Te. hnical Report submitted in partial

fulfillment of the requiremwntm of Contract AF O4(611)-11419. The report
covers the period 214 December 1967 through 13 March 1968.

i'II. OBJECTIVE

The objective of this program is to further develop and evaluate a
solid propellant binder system specifically to meet the most rigid demands of
advanced high performance solid rocket motors. The solid propellant binder
system consists of an isocysnate-cured, hydrocarbon prepclymer developed and
evaluated under Contract AF (.j( 6 11)-10386. Further development and evaluation
w4ll involve use of partially saturated prepoly•iirs, propellant optimization,
testing of ouratives for room temperature cures, replacing CTI, attaining
better low temperature properties, determining the uffect of burning rate
mod~fiers, adaptation to an advanced oxidizer, and a study of anvirornental
stability.

ILL, SUMMARY

A. The antioxidant content of prepolymera used for binder stability
studies was determined. The related Prepolymers 242AM-169, 3HPL-123, and
3HPL-125 had 0.1% antioxidant, while the related Prepolymrs 242AM-175B and
3HPL-90 had o.06 and 0.04%, respectively.

D. Mobay E-246 wa9 separated into solid and liquid phases by cooling.
While each phase had the same equivalent weight, the solid phase was higher
in moleoular weight and functionality.

C. PAPI was almo fractionated by a 90 to 10 ratio of hexane and
toluene. The soluble fraction was straw-colored and its infrared spectrum
was similar to that of E-246.

D. A propellant prepared with a difunctional prepolymer obtained by
chromatographing Prepolymer 158H had the propazi-ies o. - 231 psi, et - 7.4%,
and L - 3690 pot, at 771F and a a 966 psi, eg a 3.1%, and i - 37300 psi at
-75*F. A valid comparison with propellants made with Prepolymer 1581 was not
possible because of the very high modulus of the propellant made with the
difunctional prtpclymer.

E. The unsaturated prepolymer, Lot 21,AM-148,A, the precursor of the
saturated prepolymor, 242AM-1i8AH, studied extensively at Aerojet and at Esso,
was ihromatographed on uiliia gel. The unsaturated prepolymer contained 30%

-1-



monofunctiondl iaterial and no appreciable ncnfunctional material. This indi-
cat~c th.t 4h-. ,c::cf,,_-.cti. t er-,1 v-_ _i ai- _ a+n rh ri.n tha mnnlI.nA%,1r' nf

the unsaturated prepolymer and that nonfunctionql material is formed during I
the hyx~rogenation pro:ass,

F. Room temperature cures were obtained with Telai7en S binder with
CTI and OTHO as crosslinkers. Mobay E-2h6 is a candidate orosslinker for re-
placement of CTI. Propellant crosslinked with Mobay's E-2h6 and containing a
curing syatem which ensures long potlife gave good mechanical properties at
770 and -75*F. Thm cure system using curative developed on an IR&D program to
increase potlife has been demonstrated to be effective with the hydrocarbon
prepolymers used on this program.

G. No improvement in mechanical properties was obtained when the
bonding agent C-i was replaced by TEPAN in a propollant containing a partially
hydrogenated prepollyer. Increasing th. amount of C-i from 0.2. to 0.3 wt%
improved the low temperature properties of partially saturated hydrocarbon
propellant.

H, Piopellant properties of the last three prepolymere received from
The Oeneral Tire and Rubber Olompany continue to substantiate the fact that the
low temperatur properties are a function of the degree of unsaturation of the
prepolynaer. The polyether triol, IJ(T-240, was used in place of CTI in satu-
rated, and partially saturated hydrocarbon propellants, but no improvement in
low temperature properties was observed. Further propellant changes are being
introduoad to approach propellante similar to those prepared in an RU&D pro-
tram and which ohowed very goou low temperature properties.

I. Studies of effect of saturation on oxidative otability were con-
tinued into the eighth week. The surface hardening of partially saturated
and unsaturated binder# was becoming more nearly alike. Although initially
the partially saturated ones hardened more rapidly, the unsaturated binders
now show a more rapid rate of surface hardening. Further studies have been
initiated, and propellant studies are in propes.s

J, Stabilized propellants were aged for 2 weeks at 1800F and 50%

relative humidity. A copper additive wea a promioing stabiliser. Hydrocarbon,
isocyanate-oured propellants were exposed to 350OF for 2 hours. The main effect
was hardening. Propellants containing a copper additive fared boot in this
test. .!These results are considered significant since they indicate tha feasi-
bhility of- inooyanate-cured proWplant. ,ror hiqh temperature use.

I 4A Ib icked icouyanate, p-onlorophenyl N-pho nylcarbamate, was
* ,ctedLa e"'roeact&nb'for butanol in the, preawnoe .f advanced oxidizere. The
blookiji agent, p-ohlorophenol, drops (iff at 6C"C and reaction of the butanol
with the isocyanate was noted. The Ntudy to determine the variables affecting
the react,ion of blockod imooyanates was continued with screening of a series
a. ohloro-eubetitated phenols and trifluorosthamol as blocking agents. The
efiect .of tin ouria, cattlyst on the ruaotions of blocked isooyanates was
investigated.. The ncnol;sminne wr* made thait ;he teohniue is feasible and
that .irbamaths which diseooiatv at lower temperatures (30-o4 0 C) would be
better because theoil.iesoae inhibition of dissociation by thf, oxidizer.

SII



L. A redirection of the prof-ran has been made with two main objectives;
one, the rapid utilizati-on of the current technolor- to produce and test a pro-

I--- - ...-- . . . . . . .tcm....nur -,f cprtt3 =1 t - +6 -A -1-t_.-_. _-

an energetic HAP propellant utilizing an [nocyanate curing, nystem. This report
precedes the rodidrection effort and contains only a few of the results obtained
under the new plan.

rII. TSQHNICAL UDiCU.SION

A. T.4 K ORL

1. Introduction

SAs a result of discussions with 1,r. Robert Corley of the
R{ocket Propulnion Laboratory, a redirect-ion of this task has been instituted.
The objectives are to convert the technology developed by the program thus
far into a propellant suitable for both tactical and ICBM motors. This in-
volves the use of partially saturated prepolymers to achieve adequate low

temperature properties and chemical stabilization of the propellant for high
temperature application. To further these objectives, Mr. E. Maetrolia was
assigned direction of this task. The program he will implement as of March 1
is shown in detail in Figure 1. The data reportud here do not a3 yet include
results obtained under Mr. Mastrolia's direction, but these will appear in
subsequent reports.

2. Characterization of Ingredient3

a. Antioxidant

The decision to utilize partially saturated prepolymers
to prepare propellants with low temperature properties adequate for tactical
motors, requires knowledge of the relative oxidative stability of unsaturated,
partially saturated. and saturated prepolymers. The Prepolymers 20?AV-169,
3HPL-123, and 3HPL-125 are admirably suited for such a study since their degrees
of saturation are 0, 60, and 931, respectively, aId all have the same backbone
struoture and same approximate molecular weight (see AFRPL-TR-68-9). Since
only their antioxidant contents were in doubt, this was determined. The anti-
oxidant contents of a related pai.r of preoolymtrs, 242AM-1,75B (0% saturated)
and 3HPL-90 (55% saturated) were also determined.

The determination of Antioxidant 2246 involved compari-
son of the ultraviolet spectrum of the prepolyvmtr in a basic solvent in the
region 275 to 400 mu with that of a standard solution of the antioxidant. The
band peak occurs at 320 mu. The results of the analyses are given in Table I.

"-3-
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ADVANCED HYDROCARBON BINDER PROGRAM MIIS3TONNE SC

Fab March ArlMay
Task 4 II ' 25 3 10 17 2h 31 7 14 2125

A. Complete Telagen S Evaluation

1. Prepare and Test 88% Solids Propel-
lants with LHT-240

a. Uniaxial. Tensile Properties

b. Oxidative Stability (Hardness)

c. Thermal Cycling Characteristics

2. Compare Oxidative Stability of Propel-
lants Prepared with Saturated,
Partially Saturated (55%) and Unsatur-
ated Prepolymers

3. Determine effect of Bonding Agent Level
in 88% Solid Propellants

a. OTI-Cured C
b. LHT-240 Cromelinker

4. Evaluatlon of "Difunotional" Telagen S

a. End Oroup Analysls and Moleaular
Weight

b. Prepare and Test 1Og Batohes of
88% Solids Propellant

a. Prepare and Test 1-lb Batch of
Optimum Composition

B. Evaluation of Partially Saturated Prepolymer.

1. Currently Available Prepolymere

a. Preliminary Evaluation df Oxidativ.,
Stability of Partisally Saturated
Prepolymers (180"7)

(1) Binders
(2) Propellants

b. Strain Cylinder, Evaluation of 88%
Solads Propellants ( 15 and 20% Strain)
(1) Measure Uniaxdal Tensile Properties 9

between -75 and +180*F

(2) Three cyoles Between +llOl and -75"* 0
(3) Three Cyolss Between +80O•? and -750 J
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ADVANCED HYDROCARBON BINDER FNt(X]RAY MILESTONE SCHEU 1

_______Week]

Ta~k _ Feb March__ _~
_ _ _ _ __ j lu± .I Z4 51

a. Initial Aging Studies with S8%
Solids Propellants (180"F) -

d. Conduot Searoh for Techniques to
Stabilize Selected Propellants
to 35o"F

(1) Test Beat Stabilizers developed
for Unsaturated prepolymers a
propellanta

(2) Evaluation of Methods which
Immobiliue the Urethane H1ydrogen

2. Wov Orders of Partially Saturated Pro-
polm.aro (55 and 70% Saturated)

a. Preliminar7 fvuluation

(1) Analytical Oharacterization

(2) Binder Preparation and Neoting
(3) Oxidative Stability of Ind'ar.

(4) Uniaxial Tensile Properties of
Propellants (1-lb ndxs)

h. Deiontrate Batisfatory Propellant
Prooessing Ohwraotqristioa

(1) Deteridne Effeat of Polymori-
eation (PaA) Levl and
Prooesming Te"~mperaturs

(2) EValuation of AlternatIve
Oatalyste

(3) Select Caw.a,:mt, 0A.Alyst Livel
and ProoeailnX Temperature

o. 0onfirmation of Neoanioal Behavior of
Propellants Prepard with Beleoted
Prepolymre (20-1b rtxos)
(1) Un1iasal Tensile Properties

(2) Strain Oy]2jdor Valuation

d. Review Data with A~FPL and Jointly
Bileot PIrpolymer for Puture Work

-5-
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ADVANCED HYDROCARBON BINDER I',tOGRAM MII

Fab March April

Task 4 1 1t 25 3 1 31 7 14 21 2

e. Confirm 14ing Characteristics
with Selected Stabilizers
(180"F and 35O'F)

(i) Bulk Stability (Uniaxial
Tensile Meamumrments)

(2W %urface Stability (Hardness
knd Cronmlirnk Density)

f. Prapare 60-lb Mix and Conduct
Detailed Charaotriazation of
Propellant

(1) Prepaxe 60-lb mix
(2) Mechanical Fr~ilure •wvlops

(3) Strain Cylinder Evaluation

( 4) nonding Properties

(5) Aging
II. HAP Propellent.

A. Telauen 5 and Solid lenoyenates

1. !aooyntet Type end Level

2. Uvoluation nt' J*eloted D16., to
xxtend Potlite

3. Measure ?'71 Tewaile Properties of
Beleoted Propellant

B. lelagen 3 and Blocked Isouyanatee

1. Model Compound Study to 8eluot Desired
lMoak and Pr~papIant Frooeuuing wit'
Oure Telpetaturs

2. Preparation and Evaluation of Praotioal
Miocked Isocyanat* (Wiunat~ional)

3. Zva#uatv Selebted Bl3ooked Ieooynmate
in binders

•. Prepare md Test 5% 5olids Propellmnt@

5. Soaleup to I-lb Mixes

6. 4,qina at 77'F and 135*y'

-6-
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Table I

AJIOXIDANT CONTENT OF TELAOEN IREPOLIMES

Prepo yme Saturation1 % Antirxidant, Wtg i
2h2AII-169 0 0.10

3HPL .123 6o 0.10

3HPL-125 93 0.10

?42AM-175B 0 0.06

3HPL-90 55 O00

b. Polyiuooyanates

1) tMobay B!-246

)Ioba, E-246, a polyfunotional aromatic Lsocyanate
was Plowly cooled down below its malting point to abov;t 1??P. When the matearAl
was allowed to return slowly to room temperature, solid @Aid liquid phase@
appeared. After separation and analysing the two phases gavi approxmatlly
the same equivalent weight by the dibut.ylamine method. The infrared spectra
(Figure 2) showed no maJor differenoes in the two phases. Molecu)ar and
equivalent weights for E-246 as reoeived and as separated. are ehown in Table I1.

Table I.

MOLMCUIAR AND EQUIVALKNT WEIGHT OF TRLATED AND
UNTRIATED MOBAY E-246

Treated
U~ntreated !qj4d Liauld

Squivalant Wt. 1631 131

M.W. (Vio) 366 5o0 364

Functionality 2.69 3.86 2.78

2) Uyolohn, PAn'

Upjohn PAPI, a polyfunotional ,,roimatio ieooyanate,
14 a dark liquid with a VPO moleo'ilar meight of 428 and eqaivalent weight of
139. The funotionality is 3,08, Sinoe visual obsorvation showed that PAP-
contained oaediments, attempte were made to separate the latter and obtain a

-7-
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pure material. Fifty grams of PAPI iere extra.ted with 2 liters of a mixture
of hexane and toluAne in FL 90 tn Ir, rn.'n. Aft.w- f.hpm ,nvPnt•n. 1" .,'-+

about 15 g.r:Ams of straw colored prnduct were obtained. Its equivalent weight
was 134. The VPO molccular weight was 324; functionality, 2.h2. Figure 3 shown
the lui..i,• EL.ufr au rnueived and the extracted portion of PAi. inter-
estingly, the speotrum of the purified PAPI matches that of E-2h6 (Figure 2).
The materials must be very similar.

c. Silioa Gel Chromatography

1) Experimental

Fractionation of Prepolymer lW8A by column chroma-
tography was performed to make a dUrecL comparison between the saturated and un-
saturated profiles. Prepolyner lh8AH, the saturated waalog of Propolymir 148A,
hao already been fractionated at Aerojet and at Esso,

Following the procedure used for Prepolymers lI4AH,
3,8H, and 161AHR, two grams of 148A were frsctionated by passing it through a
7/8 inch diameter column packed with 100 g of 100-200 mesh SiO1. Approximately
1 liter each of OC(1 And 2 liters of CH Cl were used to elute th. prepolymer
from the column, and wens collected in 10-1l fractions by an automatic fraction
collector. The solvents were evaporated and an elution profile constructed
(Figure 4).

Unlike the previous propolymara fractionated, the
elukton profile of 148A shows only 2 major peaks. The samples represeniting
thesp peaks were combined to 0ve one sample for each major fraction. An
infrared spectrum of each sample was obtained and by a semi-quantitative method,
f unctional group content was determined. The first fraction (approx. 30% of
the total) was monofunctional, and the second fraction (approx. 70% of the
total) was difunational. Contrary to the results found fmr the previously
run prepolymers, there is no significant amount of non-fuictional material
iii L8A. Seemingly, the non-functional fraction is a result of hydrogenation.
The monofunotional material is the result of the polymorization process.
These results Wmy Indicate that mono-funotional content is a characteristic
of the available anionioaly derived pror.o~ymers. This characteristic is not
an inherent one, i.e., with rigorous control of prooessing methods, a sigiifi-
cant reduotion in the amount of monofunctional mAterial might be affected.
Also, while these results were obtained for a hydroxy-terminated prepolymer,
a similar high moiofunotional content may be present in rarboxy-terminated
prepolymars. The limitations of this study do not allow an esxtmate of the
monofunotional content of prepolymers. made by free-radical polymers. There
is, however, little reason for optimism on this point because the sensitivity
of free-radical polymeritations to trace impurities and to chain-transfer
reactions is well known.

These shortcomings are reasons for constant,,
intelligent surveillance of these materials and for helpful discussions with
manufaoturers to facilitate proerees towards improvement of materials. His-
torically, stcady progress to improved propellant ingredients has followed
the doemand for much ingredientu.
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CHROMATOGRAPHIC FRArTIONATION OF PREPOLYMERS
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2) Prepr~ative

A chromatographic column, 95 cm long and 10 cm
diamster, was filled to a depth of 45 cm with 2.5 lb of silica gel (Baker
reagent grade powder for chromatography) with chloroform as the liquid phase.
A solution of 50 grams of prepolymer (158H) in 50 grams of warm carbon tetra-
chloride was added slowly to the top of the column. After the addition of the
prepolymer solution was complete, development of the column was made with
chloroform at a rate of one liter per hour. The difunctional prepolymer began
to sluts from the column after 6 to 6.5 liters of solvent had been collected
and slution was completed after 9.5 liters had been collected. An unidentified
carbonyl containing compound was eluted in the small amount of materials col-
loot4d bezond 9.5 liters. The total yield of difunotional prepolymer from 11
runs wa 03 .gram

The functionalities of the fractions were deter-
"mined from the ratios of intensities of the hydrowql band (3330 am-1) to those
of the CH bands at 1460" and 1380 om"-. Prepolyimr 158H with a functionality
of 1.68 was the standard from which the expected relative intensities for a
liven functionality of the fractions were determined (Table III).

RELATIct OF RELATIVE INTENSITIES OF INRARED BANDS
TO MONO- AND DI-FUNCTIONALITY FOR 1EPOLYMMS 158H

lRated Relative Intensities

FUnctionalito 3330/1033301380

1 0.212 o.446

2 0.425 0.895

The ON band at 2940 am" could also have been used for this determination, but
it is so intense relative to the CH band that two solutions of proper noncen-
tration would have been required for the Perkin-Elmer laboratory instrument
used for this study. By this method the functionality of the separated material
wa 1.93 and its infrared speotrun is shown in Figure 5.

The difunotional prepolymer which was separated
wu used for propellant studies, but because of the small amount of available
material, no binders were made. A I00-g batch of propellant (88 wt% solids,
3% IDP) was made with the material using an HDI to an1 ratio of 3.0. The
properties of this propellant at ambient temperature were o - 194 psi, #
15%, and 3 a "19 psi. Baed upon these resultse another 180-g batch was made
at an HDI to CTI ratio of 5.0, but the propellant did not our*.

The remaining polymer was then used to prepare a
4OO-g batch at an HDI to CTI ratio of 3.5. For unknown reasons the modulus of
this propellant was very high. The properties were a., 231 psi; eg, 7.[%1 and
g, 3620 psi at 77e and c., 966 Psi; ei, 3.6%1 and E,.37300 psi at -75 0 F.

-12-
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11hether difunotionial preipolymer would rnsulb in good low temperture properties
is not adequately answered hy this experiment. A proral1ant mane from oonven-
tional Prepolymer 153H with a modulus of about 3600 will bn tested at -75OF and
-hi reauiting da"a may aILoW a signirlCant comparison for determining ihe effect
of functionality on low temperature propertioe.

3. L -.1aw ý iraL.ure Binder Properties

Wh1,c experiments were made to assess cure capAbility at room
temperature, the e'f.u. of primary hy1roxy groupe, unuaturation, and replace-
ment of CTI by OTRO on the low temperature properties of binders was also
investigated. The composition and meohanicval behavior of the binders are given
in Table 17.

Too following conclusiona were drawn from the data in Table
IV.

a. Saturated, primary hydr*Wr terminated prepolymers produce
binders which have poor low temperature properties.

b. The replacement of TTI by OTRO does not improve the low
temperature behavior of saturated and partially vaturated binders and may even
make the lOW temperature properties worse.

a, As has been indicated by previous experiments, partially
saturated binders have better law temperature properties than saturated ones
regardless of whether CTI or OTRO is used as the eroselinker.

Mechanical properties of binders made with SHPL-90 (55% satu-
rated, secondazr OH) and 24AM.M168I (saturated, primary ON) oroselinked with
OTI end OTRO followed the usual pattern. The binders (Table IV) made with
24i2Ak-168 (Binder 262) orossl•inked with (On arWd tested at .-hTF gave an
initial modulus of 680 psi co•pared to 110 psi for a binder made with 3HPL-90
(Binder 270). Similar binders croseulnked with OTRO with Fvpolymer 2&2AM-168H
gave an initial modulus at -- O0F of 808 psi (Binder 266) comparod to 88 psi for
Prepolymer 3HPL-90 (Binder 27h),

Roem temperature cures were obtained with both saturated and
partiall unsaturated prepolMre, The binders with the saturated prepolymer,
242AN16OI, which oontains primia hydroxyl groups, were oured with CTI or
OTRO as a oroeslinrer at 77Y? within six d•ys. Binders from the partially
unsaturated prepolyMer, 3HPL-9O, with secondary hydroxyl groups cured with CTI
at a slower rate (oemper. linder 262 and 270, Table "iV) than the binders made

with the primLry hydroxy-terminated Prepolymer 242AML16H. Binders 270 and 271
with 3HPL-90, oroaslinked with CTI were ton soft to take penetration readings
after 6 days at 77OF, but gave good pmnetration readings within 12 days. An
adequate ours was also obtained in 6 days withr2HPL-90 arosslinked ktth CTI
by inors"Ing the FeL concentration from O.O' to .(625 wt% (compare pene-
tration reig.%is for Binders 272 and 273 with those to: 270 and 271 in Table
IV). Binders croselinked with OTRO and containing 3HPL-90 (27i4 to 277) were
t,~o soft to permit penetration readings after six day. at 770P. This was
expected sinee OTRO contains highly hindered eoondary hydroxyl groupa.

-1-



Table IV

COMPOSITIONa AND pOpjCRTIFS OF TEXAAEN 5 'BI

Extent of Curs Maohani'al Fro itsBo
mretration mri

Reading at 15 sec .
Reference Ir~ia 7 A~m

No. Frpl~ ikr HUI/CTI -_ -"K- j~C K

262 242AM-168H CTI 4.oo .898 .907 77, 21. p.o94 0.
4o 68o 2 12.

263 242M-'68H CL' .3.75 .,3,98 .917 77 29 0.183 0o'
23.... o-40 623 3.7 5.,

264 2142A-168H CML 3.5o .A9o .916 77 38 0.27) 0o.• .,.: . .. ,..4c'.: Sac) 3. 1: " a.,

265 2.42AM-168H GOTI 3.00 .IT0 " .91'- 77 . 3 0.26. 0.
-.4o 656 3.0 -6.

266 24,2AM-168H oTRo 14,o• .888 .9036 77 19 ').079 .,.O
-40 808 1.9 lit

267 242AM-168H OTRO 3. 75b .898 .907 77 19 0.095 A.
-40 765 2.50 1O.

268 242M-160H QW.O 3.50b .901 .909 77 21 0.101 0.
I.0o 590 2,50 9.

269' 242AM-1668H OTRO 3L00 " .887 .890 77 .5 o.038 0.1
W..4 1!65 2.7 8,

270 3HPL-Ko OTI 44.0 '.0 .890 77 n1 o607. 031 .
..40 110 0.20 0,1

271 3HPL-90 cI3.5 .398 577 16 o.64. 0.
40 110 ?.$ý 0..,

272 3HPL-90 CTi 3.50 .893 .897 77 13 0. 2"5 O.04
440 8!) 0.35 e.

273 3HL-90 CTI 3.00 .916 .91? 77 14 O,1•a' .
.. 0 93 o.52 0,6

274 3HPL-90 UTO ls.On U .8&0 77 8 0.01 01
-*.40 9 o..18o 0.

275 3HPL-90 OTRO 3 .75 b) a .MS, 77 9 0.025 0.
-140 9ý 0.25 0.7

276 )HPL4NJ O1Ro, 3.00 .. 0 .885 77 13 0.029 0.
-40 82 0.25 0.6

977 3HPL-90 OTRO 3 . 00b .0 .881 77 13 0.033 0.1
-40 10 0.37 o.6

'All binders have an NUO/OH ratio of 1.00 and (5% IDP. Dinders 262 througn 271 contained 0,
bPrepolymer ta OTRO ratio.
eToo soft 'o take rjadins. -15-
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'Table IV

":ITIONa ANI PROPOTI&S CF TELAGEN S BINDFTe, ' Ol2,:1I AT 77°F

trat oA cha. J•0 .&c Properties Ratio ofato um '- .... ,ri Croaa1nk Dmnait.yjo MAoo,. P-0.

OU G Go!. Compresusion -. C---.-E-
Kg/ ~ Fraction Frac~tion ' Modulus

.907 77 21 (.096 0.152 .0117 0.50 0.94 0.70 ?1 24
-40 680 , 12

.917 77 .29 0.18) O.179 .062 1.20 1.8 1.25 22 22
.40o 623 3.7 5.6

.916 71 38 0.27) 0.260 .077 1.80 2.73 1.09 i1 15
.40 580P 3.1 k.05

0, o.64 0.198 .071 1.50 2.64 1.05 11. 17
-4 6 36 .o 6.6

.03 77 19 dOT7 0.134 .031 0.40 0.79 0.66 24 43

.9047 '17 19 0-095 e.!28 .043 0.50 0.95 u.98 26 40
-40 765 .50o 1010

-ý09 77 21 0.101 0.148 .0111 0.50 1.0l 0.61 25 28
-4, VC 2.50 9.0(

.3,! 77 L 0.038 0,113 .,1A2 0,50 n.38 c.54h ? 51-- 4c0 765 2.7 8.6 •

.899 7 11 00,37 L, *0o6 0.00 0.37 0o.4 5 10
4, o Cv' 0,20 o.7.

"*848 77 16 0.64. 0.,114 .032 0.30 o.64 o.53 5 7
-40 11U 2.95 030

A7? '7 13 0.045 ,. X, .025 0.20 o.45 ,0. 31 e 7
-.40 88 0.35 o,64

.917t 77 24 o.1o 0.106 .46 0.64 1.o4 0.74 5 4
-40 93 0.52 0.60

".860 77 8 0.01 0m.62 *. 0.100 - 18 11

410 88 0.o80 0.75
A6.5 77 9 0.015 0.069 - - 1.i5 0 17 10

-40 93 0.25 0.73
.885 77 13 0.029 0.094 .028 0.25 0.29 0,36 9 6

-40 82 0.25 .062
.888 77 13 0.033 0,104 - 0.33 - 8 ii

-40 11O 0.37 0.69

P. lindre 262 through 2?71 oontained 0.0104% F@A; the rvat had 0.0625%.
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A more sensitive hardness test to determine when binders have
reached a steady state of cure was evaluated. A thickness gage, consisting of
a 3-oz weight on top of a deflction (.001") gage, attached to a small rod with
a disc at the bottom was uied to get penetration readings from the binder samples.
A-- --t- -*' ,, h !mwi " ul eassa ior L5 sea, a reading was
recorded. After these readings becpme constant for several days, the sample was
considerel cured.

The results indicats that a partially saturated prepol~ynr
similar to 3MPL-90 but with primary hydrcxy groups would be desirable for room

V temperatuare cure. The crosslink densities obtained from the C,, gel fraction
and compression modulus indicate that Prepolymer 242A0-168H gives a higher
degree of crosslinking than does 3HPL-90 with CTI or GTRO. This could be ex-
plaJ.ned by the fact that 168H has a practical functionality of 1.96 oohpared
to 1.90 for 3HPL-90. The processing properties of propGllant with 88% solid';
Rt room iemperature would also be improved if the *repolymer having primary
hydroxyl had P lower viscosity, similar to that of 3HPL-90.

. Lw Temperature PoFllant Properties

Ore poýnd batches of propellants containing Prepolymere
242AM-169, 3HPL-123, and 3HPL-125 were prepared with CTI and HDI for evaluation
of low temperatare properties. Batches IOF-•4881, 4882 and 4883 (Table V) had
mectanical properties that followed the same basic pattern of previous pre-
polymers. Batch IGP-.L48i with 3HPL-125 (93% saturated) had an initial modulus
at -751F of 41.600 psi, compared to 15,900 psi for Prepolymer 3HPL-123 with
60% seaturation. Although the propellmants were croselinked with CT1, previvas
results *tndi,cUte that the low temperature propertieo are indelindent of the
type of crcuslinker and depend mainly on the degree of unsaturation,

Propellant batches containing Prepolyner 3HPL-90 (54% satu-
.¢ated) linked with Mohay E-246 (Batches 6, 7, 5416) gave good mechanical pro-
pertUes at both 71e and -750r, The propellants wore cured by a method which

ensures long potlife. The method developed by Dr. Oberth on an IR&D program
consists of the incorporation of' a orin said in the propellant syctes with an

excess of ianmyanate. These propellants were designed ao that the FeAA-
catol~vzrd hydroxyl-inocyanate reaction in essentially completed before cross-
l1,*ing occurs, These particular propsllant formulations ontained an NCO/GI

oquIvalente ratio of 1.25. The initial modulus of this system is aoceptable,
Sýut, eovd be loered by increasing the HDI to 2-246 ratio or by decreasin the
total "quivalents of isocyarate. These results indicate that Mobq E-24h6 is a
good cndiclate for the replauemunt of CTI.

Proollante prepaed for an Aerojet-Oeneral IUD program and
containing a pWrtially saturated prepo.Jvner and the croselinker LHT-240 have
shown -750F esongations of 30% or more. This crosslinker, because it isea
polysther triol (moleoular weight 750), was not used with hydrocarbon prepoly-
mere on this prograw. Table Vl' shows the ambient and low temperatuN properties
of propellants made with this crosslinker. The LHT-24o replaced the CTT to
maintain the croaslink deusity ''.zettart end the HDI was adjumted to maintain
the NCO to CH ratio at 1,02.

-16-

_------ _



If, IA
01404

_IGO A
u -, .~

Go go

a 4

~ ;cc
,j~ ~ CK

Aj~4~j*8

r4

Ic



N.

V\ u H 4Yn

en cm 4\- A ,

~~10

V- Il 1

IIi

iic:n4



The proportion do nu•t Indicate a oignifirant advantage for
the U.IT-240. However, 8i,)0 the propellapt ircpertiee obtained or. the IR&D
v~ma,•,m " ha haavn n,-.4I.,n *h,'ot' 

4 !'tn-v .h.nn. u' ,',, yq, i 4.H4 &rA 40 n;.4k.4flA rt V
The t,•-muat.one developed by the X,- -group differ from thos given her* by
using TDI instead of HDI and 35% dioctyl sobaoate instead of 25% IDP.

The original saturated hydrooarbon propellant developed on
this progm inoldod diethanol*%inz (DEA) as a bonding agent, but the um-2 of
thin material vaa later abandoned because it wan shown to inorea•e the propel-
lant croUslink d•ns,•ty. While tAfts of other bonding agents were made, U-1
has remained the ftored cnej the work to date hu been mainly with 0.1 wt% of
this bonding agont. Table V1Z indicates the effoot of inoreamed oonoentrations
of the 0-1 bonding agent on the pro.plant properties at -750F.

Table VZI

I•GOT Of (3- ONMH NIG¢AH•L PROPRTM Or.ARIAIXY 3ATLm.TID T1W3N PROBLLANTS

Hardneiss I |07VI/_N7o, !M in i AtW & L L"

.i2.i~ iim L L M .....
9 .10 i9 66 77 129 117 42 50 616 214

-75 7014 692 9 13 l44,7814

1$ 62O 6a 6,, 77 120 110 37 142 631 22
-75 71.9 719 9 10 13,23

19 .30 70 55 77 o4 65 41l 371 34
.4 -Th ?N 719 11 12,775

'AlU propellents contain 88% solide, Prepm:*Xur )HPL-90, 3 vt% IDP, IAU, lAM,
a N00/l" ratio of 1.01 and were oued 7 drir at 13567.

The low temIperature mechanioal properties show in imp-ovefent
ti-th itn reamed mounts of 061, The rsianltn are smevhat ambiriasu beoauee the
pir"14.nt with the beat low temperalre prop•rtime also shoved the Iovest
mbia,,t tompersture modluow and tensile strength. These rseul~ts hover, will
be wid in guiding the fomu~ltion ,. futre propellants. If propellants s4able
at temperatures above 180WY U de4ired, the bonding asgnt, •1-• will have to
bc replaced a,, it dooompoese at hig tom~ettturs, bonding agents suitable for
use at high tempmratuI an avwivlle

Data in Table V for proptUant batohcu IOP-.,492OtR and 1491•R
tridiocLe that no improvement in meohanL•cl proportioe at low tw• raturwe w
attained when C-1 was replaced with TIPA. TVis born•ilrg t, TP&N,, ha1 an
equivalent weight of 170,

-19.-
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. E;-f ect o. Pripolyrer Saturation on Binder Aging

AVini'rI ,;tudies have been made to determine the eltact 0!

SoXhittLv cro:islinking on binders prepared from propolymers with varioun degrees
-of un--naturatic. The qnm,!Rm.e were gaftd _z.. An°C in a nimii dA irv aR.r atrineshere
along with control sample., sealed in ampul•is having an argon atmosphere. The
sa,,illes were atudind by a mrcro-t~welling technique to determine the extent of
oxidative effects. The results are given in Table VIII and Figure 6.

Thin sections were microtored perpendicular to the surface
iuid swollen. The samples which hardened at the surface swelled very little at
tLhe ouirfoce wid more anl thn d-istance from the nurfface increased. The. hardened
:oirfn'ae became howed and nonntrained the !3weiilinr, of binder adjacent to it.
Unlder polarized ].ifht the haroer~ed surface was birefrinf,,ent, and the depth of

Whe hjirduhiod portJon could he eao:i:.y measured.

The surfIze or all binders (except Binder 245) hardened after-
4 weeks etoraget at 80%0 in air. Binder 245, conteining 3HPL.-I25 (93% saturation)
wis the only hinder whose surface could be swelled with toluene after 4 weeks
in air at 80eC. Samples stored 3.n argon exhibited no change in surface hardnees.
The extent of the increase in the hard hurface ckuued by oxidative ovoselinking
of the double bonds in chown in Figure 6.

The initial data indicated that surfoce hardening may be more
ra'pid in the partially saturated binders. heoause there may be several expla-
nations (lose of' antioxidant effemtivqneeu in hydrogenation, effect of tracee
of hydrogenation catalyvts), the -ffeat was examined more closely.

Mi'ter oig'ht wecks, samples indicated tha4 esrface hardenine
of bindere with unsaturation (Table V1II and Figur. 6) was oontnqLing, but that
twe differenoes in degree of hardening between the samples decreased, The
unsaturated prepolyswr was hardening at the fastest rate. The binder prepared
with the siturated prapolynar showed no surface hardening.

A new nat of biniders for aging studies was prepared wIth t'o
sets of unsaturated prupolymnre and partially saturated prepolymro obtained by
the hydrogenitl on nf the unal urated c-mei, Thus, the data will be more mean-
ingful by compariing proepnlymers from tVe same poVmsrizationi (17BhD 0% satu.
rated, with 3HL-'), 51o. uaturatei, and ; K.AM-16P, O saturated, with 31iPL=123:
6c. maturated), Th• recults of Nrw week aping (son Table VI[1) essentially
duplicate the reiuito Nuuud in the f'irx experiment.

The dalia oitmined arp extremely nrititel benause they will
uldea wt•vLir pikrtltlly aaturated prepolwinre have an advant:.g'e over unsatu-
rated pralpolymers with reviu•rt to oxidative orosslinking. Thu samples under

Ludvy at thi.s time tolethmr, with ntutLies of prepolymers with nominally 70%
maturntion, whioh Are alaon plaiund, should L•va a better answer to this question.

J. Aging11L1tahi~t

loth parLially arm oompletely iatuiated propolyinere were

-. !o



Table VIII

S4ELLING OF AGED TELAGEN AND

Swelling0 by

initial Values I- Wee

Ref. % HDI/ Sur- Sub- Gen- Sur- Su, Cen- ur-

No*. ProE s_ Sat. CiI face surface ter facea surface ter face,3

24?R 3HPL-90 54 3.7/5 119 -

243-R 3HPL-90 54 3.50 - - -

242R 3HPL-90 54 3.00 - 108 16 -

245 3HPL-125 93 3.50 103 - - 114

250 3HPL-123 60 3.00 113 1323 97 -

25. 2h?Am-169 0 3.75 - 77 90 -

253 242AM-169 0 3.5o 74 78 89
S254 242AM-169 0 3.00 98 98 98 _

257 3•IP,-9o 54 2.o00 - 89 105 -

260 3HPL-90 54 3.00P 104 1•4 -

288 ,HPL-90 S4 3.00 i. - n10 - 87 Ice

289 3HPL-123 6o 3,00 102 - 96 - 100 96

290 212AN-169 0 3.00 108 - 114 - 98 77

291 174-8 0 3.OO 1,8 - 136 - 88 116

M8Indars 4svv NCO to O1 equivalent@ ratio of 1p 25% IDP, and .031c FeAA, They were ou
Sohane In length after swelling in toludne, 100 .L - I )/L ].

h.Aen value not liven there wai a lard Lrittle aurfaoe 1*yi r whiah did rot nwelJ.
SHDI/PAP1"PS~polywr/OTRO.



Table VIII

AGED TELACEN AND TELAGEN S BINDERS

Swelling by Toluene After Storage at 80oC

In Air TrN A••m.n

S2 Weeks 4~ Weeks 13 Weeks
Cen- Sur- Sub- Cen- Sur-. Sub- Cani- Sur-c Sub- Cen: 3'u~r- eri-
ter facec surface ter face surface ter face surface ter face ter

119 - - 98 - 79 107 - 91 107 92 121

1I1 - 90 99 - 95 101 - 82 95 84 116

- - lo0 - 89 99 - 84 89 102 115

ll4 112 117 120 113 100 115 118 118 120 108

97 - 86 92 - 84 95 - 96 99 122 Ill

90 - 83 90 - 70 91 - 78 85 115 150

89 - 78 95 - 65 88 - 67 84 118 110

98 - 83 90 - 58 84 - 72 84 114 112

10.5 - 117 123 - 105 118 - 105 104 . -

14h - 98 116 - 67 122 - R8 115 102 120

96

77

116

AA. They were oured at 135eF for 7 days.

not simll.

-21-
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I
used to prepare propellants containing stuabilizers. The satarated pire olymer
based propellidts showed aood stability at 10U'Wr eAoept wnoa exoeptionaiiy
high relative humiditiso (2lý to 80%) were enoountered. These relative humidi-
t4i .... n 11I h4"- hMi+. prt.pall.ata whi-oh oan 8mgirvive the. would be
stable under aotual moain anvironments.

Table IX showm the amblnt temperature meohknioal properties
of stabilised, aged propellantri made with a partially saturated prepolymer.
Gopper (II) showed promise Ui a stabi•lzer for theme propellants. Table X
given the same'type of data for a 3aturated hydrooarbon propellant. Again,
coppor (1I) was good although oxidative oromplinriciiig iN not a problem for
thoese propellants.

The propellanto were in the form of Lnetron htar and stored
at 50% relative humidity at 180OF, The storage time was short tor this
screening test# but the beet stabilizers will be used for longer tests,

b. 350*?

•pxloratory testing of hydrocarbon, isooyanate.ournd
propellantp was done to detenuine stab•t•, at 350., Dr, A. E, Obeorth and
other Atrojet wWorsen on n IUD program ha" done epoeriments which indioate
ftat stabiUty at 350F is attainable with isocyanate-aured propellants, Un-
saturated and patially saturated preolymers wen uned in the propellants
which wen placed in an ovea at 3501 for a 2 hour pernod, No special oxidiser
was used for thee* tests. The esaple was an Inatron bar. The rnmulte are
shown in Table XUs

Th4 general behavior of the propellants was to harden,
wAny to the point of brittleness, This wan not entirely eorpeoted since
wmehanes reportedly deoompoes at high tsnnerat'r. The deoomposition of the
rethanM was not a problem, The oopper (11) stabilized prolmillanto looked

the best when exsmiined visully 9fter ag•.ng, Thip is indioated also IVi thi
data in Table X1, All samples showed silm of swellingp although in mom
oaue on.ly very esltot.,y The svelLing could arite from deoomposition of

.4 010*N evaporat, of IDPO, a deoomposition of tMe 0-1,

While these experimnmn wort only initial attempte, they
were encouraging, The data will bc used fur p4arning future experiments in
high temperature stabiliaation,

D, TANK TWO

Discussions with Mr, Uorley of the Rocket Propul•oni Laboratory
Meulted in chanpe in the objectives of Task Two, The current objeotives are
the developunt of an energetic tsocyaiate.oured HAP propellant by two approacheu,
Cm approach itivolvee the use of blocked i1oGyanatel as curing agents and the
other$ the use of low ael intimulid iaooyma.tem. This task will be directed

Aý J. Di Mtlo. The program nahudule is shown in figure I. Some work with
P (done before the above dinouplionn) is reported.

.23-.
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ThA atisdian mf tha nnrnrmt..•hhitmy n? harivaiannad fimi and nvi-

diuwrs with binder oomponents were limited to the study oA" HAP and isooyanate-
cured prepolyw~re. The prepolyemer were limited to primary hydro.x-teminatud
owes since HAP causes dehydration of asoondary hydroxyl-groups. Beoause iro-
ayanate reacts rapidly with seoondary aloohols and even faster with primary
aloohols (in the presence of HAP) the rat.io of reaction muat be deoreased to
alUow ,sa f.fcrnt pot i.Ue for propellant preparation. At, present two posoible
mathods for- increasing pot life am bein: investipatedp (a the use of low

iaatin isooyanatas and (b) blooked isocyanates, which after propellant mixing,
osting and heating to a suitable temperature, will reaot with the prepolymer
for the ours prooees. The blocked iaooyani•t•s undar rurrent inveatigation
dissociate to suffioient degree at about 6000 with or without v oattest.

3. 81•6k1d Isom..ntes
Developmnt of a curing osystm for advanmod oxidizers has heen

wainly cent.ered on a urethane oroeslink, because Luocyanateu are latvely
free of side rectoorw in the preenqe of jddlsers. The main problem ha. beeo.
conouernd with decreasing the rate of reaction between the alcohol and isooyan•e
to a poinr *are a reauonAble pot lie Is attained in the pWesenoe of the oxi.
dicere. The rat.e ^ reaction has been reduoed throui tha uae of a low melting
soid eocyanate, Cauminate 1359. With thi isocyanate, curing is aaoowpliahed
at a tomperatUre above the mealt•ng point of %hla solid is•oyanateo. Another
"teohnique for obtaining a slow oure it the slov release of one of the reactante
froa Lm atitve fun. ?This technique is preferable to the uss of low melting
solids at~erials since the reactant Is introdcLed into the reaction wediwa at
a controllable rate. Recent e•dee he"v been concerned with blocked tocyanates
which undergo thermal dissoiation,

Model studies wre made wit phenyl isocyanate blo,-ed vith
2-chlorophenol and ita reaction with n7butyl aloahol in the premenof of various
oxidimere and a catalys, T-uO(tin-rNUr oonpouwd). After 10 hours at 2300,
the reaction yes too slow to measure unless the oatalyst T-0 was prevent.
At 80.0 the utestion in the prenee of 1?P van too fast ezid oon•iderable
doompoeition of the oxidiuer wan observed. The initial studies (Table XIL)
Indicated Vial, OFP may be a catalyst for the lissociation i' the blocked iso.
cyanate and that T-0 also was effective in this asgard. An increase in temper-
aOul' from 231O to 60*0 also had a prooumwed ef-eot o the dissociation of the
blocked rethame. The formation of n-butyl W-phenyloarbamaae, even thoug•l at
a viry slow rate, indicated that the blocked urethana to potentially -esful as
a mourve cif lsntlaW for the urethane our system for advanced o:Ldisers,

T.e study was continued to find more aotive blocking jecu1\pu
and the .atset of added astalysts. Model studies were made Uf bi•oked phenyl
Leooyanat and it. reaction with n.aI2 alcohol. The bo.ooing roup. investi-
gated %ere 1•, 2-..trfluoroethanol# 4-ohloroe, # 5-,diathloro.- 2111W6-tiiah~oro,
and 2-ohloro-4-nitrophenol. The catalysts Lnventisated were T-2O, a i•lfur
containing tin compojund, and bIs-(tri-n-bulyltLn)oxIda (rOTO).



Tab)le X11

THE HHATI'ON DF p-(]lL(WOPMlENYL N-fl1ENYLCARBAMAT& WITH
n-93t TANOL IN THEH.FESENO•• -' VARIOUS OXIDIZERS AND

WITH T-?0- AT 23 &Wi 6OrC FMR 17 MIL - -----

n-Butyl N-Ph•nyl-
Temp aarbamste,

Oxidizer 0 Cata)yst f farmed

AP 23 ?.•0
R3APb 23 T-2(.' 7

HL? 23 T-20 13

A? 6n, nne 2

HAP 60 none 1
HDP 6o now 28

norm 60 T.1F) 10

A? 60 T.40 13
HAP 60 T.t0 P
NDP 60 T.-2O 16

Snin.mulur a a ov m,
bHPwa Utipurs' NCI material.

The catalyst studioe (Tabhi XTZI) indicated that N.20 at
0.55 by weigt of organio componente was a slighly better sta•2•ty for the
dseso0o t£on of 2 N6,tre'hlorophnyl N-pahrloarbamats than bie.(t-v-n.
butyltn)oxis. Ividmntly. the preenoe of HAP either reduoed the etteeive.

Me@ of the oatalyst or hindered the dulred reaction In saw other ,amanrr.

Larger aeounts of catalyst (T-20) increased the amount of
reaction onl .ligt2.y but not propo ortinate to the forty told inum.a.e of
ait~alyet (T%4, u X V). Apparently thor'w~l dissociation of the bl~oold rethwum
was inhibittvi by the presence of HAP (Table X11),

A comparison of the blocked imocyanatbe (Table XV) ihoved

.that the 2,4-diohloro.t 2-ohloro-4.nitro-, and 2,4,6-trionlorophanyl derive- H.
tivem ivaski more readily thaln the 2,,•.2rtrifluoroet•Jyl or the 14 .hloropheny)
ilrtveritiv. Since the initial studise did not Lndicate any great differences
in the degree of' reactivit4y between the di. and tri-mubstituted penyl deriva-timew di and tri-fw•otional isooyeanaten will be blocked with 2I ,6-triohloro-phenol beoaumu of its lover coat.

-•-
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Table XIII

r!AATYTTnI AnIrTVTVY VF 'PT-)O AMI) TWT. O TM q'i41 PAMrTr!. ,)r

2,4,6-TRlQKWROPHENYL N-PHENYLCARBAMATE WITH ii-AMYL AII3GHOL
IN BENZENE AT 600o0

n-AM1y Alcohol
Catalyat Oxidizer .r.aiaining amfter 24 hr

T-20 not& 114.7
T-20 HAP 61.5
TBTO none 23.6
TBTO HAP 65.0

aReactents conc., 0.5M; 0.5% oatalyet; and 20% HAPj

when used.

'Table XXV

EFFEOT OF T-20 OONCENTRATION ON THE RZAMTION CF
2,4-DICHLROfIPENYL N-PHENYLCABBAMATE WITH n-AMYL
ALCOHOL IN BENZENE IN THE mmuEIm c' HAP AT 6o0°

T-20 n-AWl Alcohol
J_ remainin• after I hr

0.5 91
3.0 80

20.0 71

&Reactants oono. 5 0. 20% HAP.

The work to date with blocked imooyanatem has led to the
follow.Ln6 oonolusions.

a. W*ile much remaina to be learned (for example, what
happens to the eliminated block in a propellont syntem?), the method has
fealibility.

b. Since HAP hu an inhlbiting effeot on the diseooiation
of yanbamatee, more aktive blooking agenbt (dietoriaVion at lower temperaturea
uvlow 4000) are deeirabla.

o. oom'Uinations of e 'eily dissociated oarbamatis and ino-
oyana+es may work better tian the curbuiatee alone,

.129-



"1ibmi XV)io

~ M ' Ui) 01 lilt u -.Alf L' Al 1'4 IOuL AT (')OcW( IN 111MNZAN.

RUI~d rollTine, iiAmyl Al~oho].
lOonj, Gop- (sta1ynt O~xidizer houre 12A Iaks

4-Uhlaroptiiiono none none V1 96
none RlAP 18 9

H AP 1119

T-ý2O H1AP I'l (

2 j-DohloroI.ropho nol none none 683
7T-20 none 68 25

none KA?~ 60 9
T0 .2o AP 68 5

T-20 none 6721
2~,2ri~oratan1 T-20) HAP he 44

none Hure at 9h7tmua&ur

When pu-rirluod5 the rnitonalyo h T.220 nane n 3t behg uo&lI

1~~-2hO blooke wt7 2,3do~rpmo . 66crtvegv

propllat wi~Propid antstaDlitybtafteg 6A its an oxiise hade norepured wt



As indioated by mIodal uvnpoumi o!tudlea the intelrfnrunae of HAY' with the d0.n-
sooiaiton or the oarbamatl in the proikhte aiugs fnr the laok of' Oure in this

More studies are needed, espeoially with NI.OlO. to establish

a control I r this type of atuing syatem,

0. TASK )"OOM

1, Intrloductioln'

Task Four involvea the aging of prol.d.Lants prmpared under

Task@ Ora Ant.% Two, It further inoludei the teust-ng at35 •0 for selected
Task (h1 propellants and the temperature oyuling of propellants made with a
OTI replacemnt,.

2. 2SOVIntIL001a PrUM1al~lm

The ging at aonventional propellants has been stopped
because no fut her wer 3 information was being generated. New propellante
AtU be plaved In aging as th~ey are prepared.

3. MA u~d Da±jeUaAW

.The advanoed pI'opellmnt saples have been stored at 604)

over Driaeite (00 relative h~aiditq) and at 309 relative h'umditor for ups to
UJ, months, Table XYZ•,

AOIZN• O TIZAOIN I FROPILZANTS CORUININO ADVARODO FUILI

Storage .nmudfs ~mi~2~n~.mw..

LL W " 1 ..L -&

S14 Th 75 76
u01.2 1h 68 75 70

phe propellants exhibit little ohange in Ohore A hardniae.
The N oontaining propellats show i slightly 1, l.rer inoreave in hardnell
than the l rpellant.

(!
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The study of saturated jre polyisers as propellant 1.inder ingredients was
centered predorWinantl~y on partialy(06 ) saturated Thpn.Ve !lbal

majr asloiiTh stdyofthe LM'T4AO wihimproved tahu low ternerature pro.
I'oao~krgl 2(~6O o fetteroetntive of part~ta3ly eatwabted propeA.aThe side ort fi LW pleirm to @ontirluitg,
sause more emphasis was being. pl~od onl partially' saturated IbpompomV, IIe cxI.dati ve sus'taoe har'dening of' binders made #Ith saturat~ed partiallysatureaeil and

unsiturate.I pi'epolymers was invest mated. 'Cio satuvateA binder's showed no surfacehardening After slobt wo*Wo at 804s I nially, the part4s.l~y oatur'tktod binder
harend mrerapidýt ita the uncaturated ones but tits dirferdnas Jucreased with

Wri'w Aftev eight weeks the uiisiatw'atied binder was hiardartuig more rapidly, Pro.
pellant. stability was greatly Imp cysd by a nopper (11) additive and the feastbilli
of socoyaunat~evoured prope~aants for very high tomp'erat~ur use was dmmonotrated,

The uwe of blocked I acoyanates to ours agents for propellants with ad'qaned
c6xidisfira was studied in model 1 ystesie. Uarbamatme wit0ýfh disseocilate at 6tW C to
produce inovyanat4 were testid in the presence of oxidivore, Tin catalysts help
And OAOicI-Aiv inhibit the our's reaction,. Garbarnateis with dtissoiation t empex'Aturee
of 300 to biolJ are desirable,
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